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Abstract

Aim: Diagnosis of acute appendicitis is a challenging task in children presenting with abdominal pain. We conducted an analytical interpretation of the basic
parameters in patients with appendicitis, according to decisive pathologic diagnosis.

Material and Methods: We analyzed the clinical files of 12126 patients with abdominal pain and included a sum of 1066 hospitalized patients suggestive
of acute abdomen. We accomplished a statistical evaluation of variables as physical examination, symptoms, laboratory findings and ultrasound screening.
Results: Histopathological analysis of 657 appendectomies revealed negative appendectomy in 12.3% and complicated appendicitis in 15% (perforated 6.7%).
There was no statistical difference in terms of pyrexia and CRP between negative appendectomy and acute appendicitis. WBC count, neutrophil count, and
neutrophil lymphocyte rate showed a statistically significant difference (p<0.001) amongst histopathologic groups. ROC analysis revealed AUC (cut-off) values
as 0.62 (214500), 0.769 (29.6), 0.689 (=4.89) respectively. US revealed 65% sensitivity and 50% specificity rate with 90% of positive predictive value, along
with 17% negative predictive value. Secondary findings as presence of peri-appendiceal fluid collection and mesenteric heterogeneity revealed 93.4% and
94.3% sensitivity consecutively.

Discussion: We found WBC count, neutrophil count, neutrophil lymphocyte rate, presence of peri-appendiceal fluid and mesenteric heterogeneity in ultrasound
screening as highly predictive in differential diagnosis.
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Introduction

Appendicitis is one of the most common surgical causes of
acute abdominal pain in pediatric patients [1, 2]. The clinical
picture of appendicitis has long been regarded as equivalent to
inevitable death historically, posing one of the greatest fears of
the humankind [3]. The overall lifetime risk is estimated to be
around 8%, with an age peak during the teen years [4].

Acute appendicitis in children may mimic atypical and non-
specific abdominal symptoms, and this entity may explain
the 20-50% increased incidence of perforation within the
pediatric age group [5]. Laboratory serological investigations
are less invasive and routinely performed on most children
with abdominal pain presenting to emergency [6]. These tests
are known to be non-specific for appendicitis but have been
reported to achieve a high discriminatory power when combined
with clinical history and physical examination [6]. Today,
contemporary research is vastly focused on physiopathology,
imaging studies, digital data analysis, scoring algorithms
and environmental or genetics related investigations, aiming
to achieve a timely and precise diagnosis [2, 7, 8]. However,
researchers are still far from establishing a pathognomonic
parameter available as a sole indicator of appendicitis amongst
patients presenting with acute abdomen. Obtaining a detailed
anamnesis and proper physical examination stands the test of
time in diagnostic decision making.

Ultrasound (US) is a fast, and easy excess to conduct, with
zero radiation. It is more useful when compared to CT or MRI.
According to the American College of Radiology, ultrasound
is the best method suited for initially imaging a patient with
suspected acute appendicitis [9]. It has, however, inherent
limitations due to radiologists’ experience and factors like
accumulated bowel gas and body mass index.

In our eight-year retrospective study, we evaluated the data
of our patients applying with acute abdomen and analyzed
the impact of numerous parameters attributable to diagnostic
accuracy while treating appendicitis. We aimed to interpret and
compare our results in the light of published scoring algorithms
and imaging studies.

Material and Methods

The files of 12126 children under the age of 18, attending
emergency services with a complaint of abdominal pain,
between 2012 and 2020 were evaluated. Our department was
requested to consult a total of 3068 of these patients, out of
which 1868 were diagnosed as having urinary tract infection,
acute gastroenteritis, and constipation following evaluation by
the pediatric surgeon. None of these patients were readmitted
later with a similar clinical picture.

The remaining 1200 patients were hospitalized in the pediatric
surgical ward with an initial diagnosis of acute abdomen.
Amongst these, a total of 134 cases operated for reasons
other than appendicitis, and four appendectomy cases without
an exact histopathological confirmation were excluded from
the study. Of the 1062 cases included in our study; 653 cases
who underwent appendectomy were determined as “Group
1”7, and 409 cases treated medically and later discharged
without surgery as “Group 2”. All patients were divided into

four subgroups according to their age: infants-toddlers (O-
3), preschoolers (>3-6), primary school students (>6-10) and
teenagers (>10-18).

The comparison was based on the clinical history, physical
examination findings, laboratory tests and US results between
these two groups for which data was available. The physical
examination findings of the physician during the initial
examination were considered in comparison to the consultant
pediatric surgeon’s evaluation process. Thus, we aimed to
investigate the reliability of data conducted by primary and
secondary care physicians who do not have as much experience
as the pediatric surgeon. Routine laboratory parameters with
minimal additional cost were verified and analyzed according
to histopathology results during the decision-making process of
an accurate and timely diagnosis of appendicitis.
Histopathological Classification

The exact histopathological findings of the appendix tissue
verified by our Medical Pathology Laboratory were classified
as; a.Negative appendectomy (NA) in cases with rich lymphoid
folliclesinthelaminapropria underthe luminal surface epithelium
and not accompanied by acute and chronic inflammation.
b.Acute appendicitis (AA) in cases presenting with neutrophil
leukocytes infiltrating the lamina propria, muscularis mucosa,
submucosa and muscularis propria starting from the crypt
basal of the epithelium. c.Phlegmonous appendicitis (FA) was
defined as neutrophil leukocyte infiltration in the appendiceal
wall, accompanied by mucosal ulceration and crypt abscess.
d.Suppurative appendicitis (SA) in the presence of extensive
ulceration, transmural inflammation, and necrosis. Finally, in
case of transmural inflammation, necrosis and macroscopic
perforation in the lumen, it was reported as perforated
appendicitis (PA).

Statistical Analysis

Statistical analysis of the data was performed via IBM SPSS
Statistics version 22 program. Categorical variables were
compared according to Pearson Chi-Square and Fisher’s Exact
tests. Continuous variables were compared with Mann-Whitney
U test for two groups. Kruskal Wallis statistical analyzes were
used for comparisons between more than two nonparametric
groups. ROC analyses were used for calculating the diagnostic
impact of laboratory values. P-value of less than 0.05 was
considered statistically significant.

Ethical Approval

This study was approved by Ethics Committee of Zonguldak
Biilent Ecevit University (Date: 2020-04-29, No: 2020/09).

Results

Appendectomy group encompassed 250 (38.3%) female, and
403 (61.7%) male patients (p=0.002). The incidence of NA in
girls (p<0.001), and FA in boys (p=0.018) were significantly
higher when compared to other forms. The incidence of
appendectomy was statistically higher amongst primary school
students and teenagers (p<0.001). There was no statistical
difference according to histopathological classification between
the age groups (p>0.05). We did not observe any patients with
perforated appendicitis under the age of three. Amongst 653
children operated with suspected appendicitis, 80 (12.3%) were
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Table 1. Correlation of the histopathological groups according to laboratory results

Median
(Min - Max)

Stage of Appendicitis

Mean+Sd

Negative appendectomy 10626.25+4807.582 9900 (4100-24400)

Acute appendicitis 14432.06+5039.739 14400 (3500-30100)
WBC Phlegmonous appendicitis 16842.5+5650.199 16150 (5600-34500) <0.001
Suppurative appendicitis 17420.37+4934.108 17300 (7500-30000)
Perforated appendicitis 19090.91+6119.881 18600 (5300-36500)
Negative appendectomy 39.403+69.8466 7.4 (0.1-363.3)
Acute appendicitis 39.361+58.5946 17.6 (0-388)
CRP Phlegmonous appendicitis 78.797+84.3135 35.75 (0-385.3) <0.001
Suppurative appendicitis 60.561+73.8007 41.4 (0.4-357)
Perforated appendicitis 97.94+83.2922 82.4 (0.6-386.7)
Negative appendectomy 7.475+4.6242 6.5(1.4-21.3)
Acute appendicitis 11.543+5.1262 11.4(1.9-27.4)
NEUTROPHILE Phlegmonous appendicitis 14.111£5.5755 13.3(2.7-32.3) <0.001
Suppurative appendicitis 14.528+4.7977 13.85(3.8-26.2)
Perforated appendicitis 16.698+5.9139 16.6 (3-34.4)
Negative appendectomy 4.64+5.47 2.52 (0.76-33.4)
Acute appendicitis 8.7+6.8 6.83 (0.6-36.86)
N/L Phlegmonous appendicitis 12.43+8.28 9.92 (0.96-37.2) <0.001
Suppurative appendicitis 14.22+16.58 9.81 (1.27-109)
Perforated appendicitis 14.53+9.63 10.62 (1.58-39)
p values are based on Kruskal-Wallis test.
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Figure 1. ROC analysis and AUC (cut-off) values for accurate diagnosis of appendicitis

diagnosed as NA, 395 (60.5%) as AA, 80 (12.3%) as FA, 54
(8.3%) as SA and 44 (6.7%) as PA. A number of appendectomies

examination were surprisingly significantly higher in Group 2
patients (p<0.001). Most of these patients were found to have

performed during the summer were statistically lesser when
compared to other seasons (p=0.005).

Nausea-vomiting (76.8% vs 50.5%, p<0.001), fever (17.9%
vs 8.1%, p<0.001), and spontaneous passage of stool (77.1%
vs 57.5%, p<0.001) were significantly higher in Group 1.
Observation of abdominal tenderness and normal physical

normal abdominal physical examinations following pediatric
surgical consultation. Rebound pain and abdominal guarding,
on the other hand, were significantly higher in Group 1. The
study demonstrates more common right lower abdominal
quadrant tenderness finding in NA and less common rebound
pain in AA cases.
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White blood cell (WBC) count, C-reactive protein (CRP),
neutrophile count, percent of neutrophile, neutrophile lymphocyte
ratio (N/L), platelet lymphocyte ratio, and creatinine values
were significantly higher in Group 1 (p<0.001). Lymphocyte
(p<0.001), platelet count (p<0.003) and urea (p<0.002) values
were significantly higher in Group 2. All histopathological
groups were statistically different from NA in terms of WBC
count, neutrophile count and N/L. In addition, FA, SA, and PA
groups were statistically different from AA (p<0.001) (Table 1).
There was no significant difference between CRP levels of NA
and AA patients (p>0.05).

The diagnostic values of WBC count, neutrophile and N/L were
further investigated using ROC curves (Figure 1).

An US screening was accomplished amongst 800 patients
where an appendix was clearly visualized in 50.8%. The
sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) for US were defined as 65%,
50%, 90%, and 17% consecutively (Table 2 and Table 3).

Table 2. Comparison of visualization of appendix in US between
groups

Non-Visualized

Visualized

n (%) n (%)
Group 1 341 (63.6) 195 (36.4)
<0.001
Group 2 65 (24.6) 199 (75.4)
Total Case 406 (50.8) 394 (49.3) 800

p values are based on Chi-squared test.

Table 3. Comparison of visualization of appendix in US between
the histopathological groups

Visualized Non-Visualized

Stage Of Appendicitis

n (%) n (%)

Negative appendectomy 34 (10.0) 34 (17.4)

Acute appendicitis 210 (61.6) 113 (57.9)

Phlegmonous appendicitis 47 (13.8) 18(9.2) 0.049
Suppurative appendicitis 29 (8.5) 13(6.7)

Perforated appendicitis 21 (6.2) 17 (8.7)

Total Case 341 (100.0) 195 (100.0) 536

p values are based on Chi-squared test.

Discussion

Abdominal discomfort or pain is quite common in the pediatric
age and mostly difficult to decide whether it is surgical in
nature or not. Diagnostic accuracy of complicated appendicitis
on the contrary is mostly dependable. Exclusion of a probable
surgical cause is important since delay in diagnosis may result
in catastrophic outcome [10-12]. Main aim must be to obtain a
decrease in diagnostic failure and prompt interference to avoid
consequences of further clinical complications.

In contrast to numerous clinical causes which may provoke
abdominal pain in girls, inflammation of the Appendix

vermiformis is more common in boys [13-16]. Our retrospective
study revealed a similar outcome with published international
data, associating a higher incidence of negative appendicitis
(NA) in girls (p<0.001). The reported rate of NA differs widely
according to the literature. The reported range is between 1%
to 40% in the English, and 1% to 17% in the Turkish literature
[17]. With regards to Maloney et al.’s [18] study, this variation
is preferable to differences in the definition of appendicitis
and NA as reported by the pathology institutions. An extended
analysis of our 80 patients diagnosed as NA revealed added
the presence of an intraluminal faecaloid in 28, local peritonitis
neighboring appendix in two and Enterobius vermicularis in
one, as reported by the pathologist. Amongst these 80 patients,
33 were operated within 24 hours of admission. An extended
time of observation had no impact in the outcome in majority
of these patients. Even though our NA rate is 12.3%, which is
well within the expected range, we may speculate that if these
specific patients diagnosed as NA were discharged unoperated,
may well have presented later with similar clinical picture, due
to reported silent intraluminal pathologies. One of the patients
was later diagnosed with Chron’s disease and another with
Familial Mediterranean Fever during follow-up.

Changes in climate and environmental factors specifically
related to summer period are accused of exerting impact on
appendicitis by some of the researchers; however, the literature
mostly declares a lack of evidence of a specific correlation [16,
17, 19-22]. The incidence of appendicitis is low during summer
according to our study.

The encountered peak incidence of AA is between six to 12
years of age according to Zhang et al. [21]. In our study, AA is
the most confronted histopathologic subtype regardless of age.
On the other hand, FA in boys (p=0.018) is significantly higher
when compared to other forms. In Zani et al’s study group,
32.2% is diagnosed as complicated appendicitis [6]. Aneiros et
al. mention presence of an inverse correlation between age and
perforated appendicitis (PA) in their report [1]. The incidence
of PA under the age of five is reported as 56.5% by Yildiz et al.
[19]. Contradictory to published reports we did not encounter PA
under the age of three. Owing to an increased awareness due
to the higher probability of a grave prognosis and motivation
for a preemptive approach, our NA ratio was found as 25% for
this age group. Twenty-nine patients out of 44 diagnosed as PA,
disclosed late presentation due to parental ignorance. Fourteen
referred by remote hospitals were delayed due to misdiagnosis
and finally remaining one because of our mismanagement.
During
nausea, vomiting, fever, and spontaneous passage of stool

initial examination symptoms such as anorexia,
are commonly questioned. According to our emergency
department’s documentation, the mentioned symptoms were
significantly prominent in our appendectomized patients.
Anorexia did not pose a significant difference amongst our
groups. However, due to a lack of sufficient data regarding
most of our cases, we think that an accurate assessment of
the situation is unavailable. Patients suffering from habitual
constipation quite often present with abdominal pain and must
be sought for during differential diagnosis of acute abdomen. A
significant difference was found between the two groups with
regards to stool output within the last 24 hours and 57.5% of
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the cases reported absence of passage of stool in Group 2. An
extended investigation showed that fever was within normal
levels in 82.1% of the appendectomized cases, and AA cases
did not have fever. As opposed to PAS and Alvarado scorings,
anorexia complaints and fever findings were not statistically
significant in our study.

During medical education, the practice of detailed anamnesis
followed by specific and careful physical examination is
emphasized in patients presenting with abdominal pain.
Observation of abdominal tenderness and normal physical
examination were surprisingly significantly higher in Group
2 patients (p<0.001). In the meantime, we failed to obtain a
significant difference amongst groups 1 and 2 with regards to
right lower abdominal quadrant tenderness (Table 1). Most of
these patients were found to have normal abdominal physical
examinations following pediatric surgical consultation. Data
obtained from general practitioners and pediatricians during
the initial examination, revealed 15.5% rebound pain and 12.9%
abdominal guarding in patients later confirmed as NA. 83.3%
of the patients histopathologically confirmed as appendicitis,
presented with right lower abdominal quadrant tenderness
according to their initial physical examination (Table 2).
Rebound pain and abdominal guarding, on the other hand,
were significantly higher in Group 1 as conducted by pediatric
surgeons (Table 1).

Physical examination indicating “general abdominal stiff
tenderness” is envisioned as a reflection of perforation and
referred to as “abdominal guarding” in our study. The review
of physical findings recorded by general practitioners and
pediatricians, however, proved their evaluation to be wrong
owing to patients who were later followed without an operation.
On the other hand, a histopathologically confirmed appendicitis
was present in only 30.8% of these patients following
physicians’ examination. Our study emphasizes the importance
of performing a systematic physical examination, aiming to
exclude diseases that do not require surgical treatment, whilst
obtaining proper communication with the child and avoiding
initial physical contact from where the pain is originating.

An increase in WBC count is an early marker of inflammation of
the appendix, CRP on the other hand, is superior in manifesting
possible perforation [23]. Only 1.9% of the patients presenting
normal WBC count and CRP levels are diagnosed as AA,
according to Monsalve et al.’s [23] study. In our study, an ROC
analysis supported a correlation between increased WBC,
neutrophile count and N/L values with regard to the clinical
picture. Zani et al. [6] confirmed comparable correlation between
WBC count, CRP values and clinical picture, but failed to support
their results in terms of neutrophile count. According to their
study, children with CRP levels lower than 40 mg/L reflected an
80% probability of uncomplicated appendicitis. Mentioned data
roughly reflects that such parameters when combined with
clinical history and detailed physical examination, significantly
increase discrimination in differential diagnosis.

US is preferred as the leading non-invasive, cost-effective,
bedside diagnostic tool for acute abdomen, further saving
patients from hazardous radiation. Due to Lofvenberg and
Sald’s study, US performers’ visualization rates of the appendix
illustrated no significant differences [24]. Pediatric radiologists,

however, demonstrated a significantly higher sensitivity (88%)
in US performance compared to general radiologists (71%).
Their US performance disclosed a scale of 47% visualization
rate of the appendix, displaying a rate of 82% sensitivity,
97% specificity, 92% PPV and 93% NPV. US screening is
mostly accomplished by the registrars in our center, and their
performance rate is comparable, displaying a 50.8% rate
matching with the literature [24]. The appendix was clearly
visualized in 63.5% of the appendectomized patients and
24.6% of those followed conservatively. However, their rate of
NPV as low as 17%, demonstrated the limitation of US as a
diagnostic tool in excluding appendicitis. This low ratio either
reflects the inadequacy of the technique or performers in
distinguishing patients within the range of normal appendiceal
parameters. We advocate pediatric surgeons’ collaboration with
the radiologist in case of diagnostic indecision. Recent studies
indicate the importance of evaluating secondary findings [25].
The impact of the mentioned findings is utilized to decrease
the need for further advanced visualization methods in patients
presenting with low visualization ratios with respect to NPV in
otherwise possible presence of appendicitis [25].

Scoring systems and algorithms that are in use such as Alvarado
and PAS are accepted as relatively accurate diagnostic tools
applicable in patients with abdominal pain. Our study reflected
correlative results with respect to PAS concerning vomiting,
right lower quadrant tenderness, tenderness,
rebound pain, abdominal guarding, WBC count=14500/mm3
and neutrophile count=9.6 mcL. According to our results, loss of
appetite, constipation, and laboratory cut off values concerning
lymphocyte count<1.8pL, neutrophil percentage=74%, and
N/L=4.7, and secondary US findings as peri-appendiceal
mesenteric echogenic disturbance (94.3% sensitivity), presence
of free fluid or collection (93.4% sensitivity) may additionally
facilitate decisive diagnosis.

Such algorithms are user-dependent and rely on subjective
data calculated by the provider. The system inherits unexpected
possible misinterpretation by the user as mentioned above in

abdominal

our data, thus the ability of the scoring systems depends on
the clinical judgment of a senior surgeon. Recently, the rapid
development of innovative technologies and integration of
artificial intelligence, machine learning, and big data, and their
wide use in screening, and near-precise diagnostic procedures in
diseases are becoming useful tools in various fields of research
[12]. They are expected to facilitate quantitative assessment of
complex medical cases and help doctors in achieving accurate
diagnosis.

Conclucision

Finally, it is imperative that a modest communication followed
by appropriate age-specific gentle examination in a child may
help reveal most of the underlying cause of abdominal pain.
We believe that continuous periodical training sessions of
physicians will facilitate cognitive perception of the mentioned
scoring algorithm systems.
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